Introduction: Tumor necrosis factor (TNF) antagonists reduce the signs and symptoms of spondyloarthritides, including ankylosing spondylitis (AS) and psoriatic arthritis (PsA). Our objective was to evaluate the effectiveness and safety of adalimumab, 40 mg every other week, for patients with AS or PsA and prior treatment with infliximab (IFX) and/or etanercept (ETN).
Introduction
Agents that target tumor necrosis factor (TNF) are highly effective in treating patients with active rheumatic disorders, such as rheumatoid arthritis (RA), ankylosing spondylitis (AS), or psoriatic arthritis (PsA) [1] . Nevertheless, patients may not respond optimally to or may be intolerant of treatment with a given TNF antagonist. A practical question faced by clinicians and patients is whether switching to another TNF antagonist is likely to result in an improved therapeutic response.
Treatment with a second or third TNF antagonist has been shown to be successful and well tolerated in a substantial percentage of patients with RA, regardless of the order of subsequent therapies (etanercept (ETN), inflix-imab (IFX), or adalimumab) [2] [3] [4] [5] [6] . In RA, a patient's failure to respond to one TNF antagonist does not predict failure with a second anti-TNF agent [6] [7] [8] [9] , and it is rare for a patient to fail to respond to three [10] . However, analyses of switching to another TNF antagonist for patients with spondyloarthritides, such as AS or PsA, are quite limited and often represent a minor subgroup of patients with various rheumatic diseases evaluated in national registries [2, 3, [11] [12] [13] [14] [15] [16] .
Adalimumab, a fully human monoclonal antibody that binds to and neutralizes TNF, is approved for the treatment of AS, PsA, RA, psoriasis, juvenile idiopathic arthritis, and Crohn disease in Europe, Canada, the United States, and other world regions [17] . In two open-label clinical studies, we investigated the effectiveness and safety of adalimumab in treating patients with active AS or PsA who had a history of therapy with IFX or ETN [18, 19] . These analyses included stratification by prior anti-TNF treatment received (IFX, ETN, or both) and by the reason for discontinuation of the prior anti-TNF therapy.
Materials and methods

Patients
Adults at least 18 years of age with AS according to the 1984 modified New York criteria for AS [20] for at least 3 months and a Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) [21] score ≥ 4 and failure of ≥ 1 nonsteroidal antiinflammatory drugs (NSAIDs) were eligible to enroll in RHAPSODY [18] . The STEREO study enrolled adults at least 18 years of age with PsA diagnosed by a rheumatologist, three or more swollen and three or more tender joints, and failure of one or more disease-modifying antirheumatic drugs (DMARDs) [19] . Prior treatment with ETN and with IFX was allowed in both studies if ETN was discontinued ≥ 3 weeks and IFX was discontinued ≥ 2 months before the first adalimumab injection [18, 19] .
Study design and measures
The RHAPSODY and STEREO studies were conducted in accordance with the principles of the Declaration of Helsinki, and the protocols were approved by the institutional review boards of the participating centers. All patients provided written informed consent before any study-related procedures were initiated [18, 19] .
In both studies, patients subcutaneously self-administered adalimumab, 40 mg (Abbott Laboratories, Abbott Park, IL) every other week in addition to their preexisting antirheumatic treatments for a core study period of 12 weeks, with an optional extension period up to week 20. For patients who had prior exposure to TNF antagonists, study investigators documented the reasons for discontinuation of IFX and/or ETN in four prespecified categories: never achieved response (lack of response), loss of initial response (loss of response), adverse effects (intolerance), and other. Answers were not mutually exclusive. Evaluations of effectiveness and safety were conducted at weeks 2, 6, 12, and 20, as applicable.
Measures of effectiveness of adalimumab for patients with AS included ≥ 40% improvement in the Assessment of SpondyloArthritis International Society criteria (ASAS40) [22] , ≥ 50% improvement in the BASDAI (BASDAI 50) [23] , and changes in BASDAI and the Bath Ankylosing Spondylitis Functional Index (BASFI) [24] , as measured on a 0 to 10 cm horizontal visual analogue scale (VAS). Changes in swollen-joint count (SJC, 0 to 44) and tender joint count (TJC, 0 to 46) were calculated for patients with at least one swollen peripheral joint at baseline. Change in Maastricht Ankylosing Spondylitis Enthesitis Score (MASES, 0 to 13) [25] was evaluated for patients with enthesitis (one or more inflamed enthesis assessed by MASES) at baseline. Serum concentrations of CRP (milligrams per deciliter) are shown only for baseline.
Effectiveness measures for patients with PsA included the modified Psoriatic Arthritis Response Criteria (mPsARC) [26] ; ≥ 50% improvement in the American College of Rheumatology response criteria (ACR50) [27] ; TJC (0 to 78 joints), SJC (0 to 76 joints), and changes in TJC and SJC; and the Health Assessment Questionnaire Disability Index (HAQ DI, 0 to 3) [28] . Psoriasis severity was assessed by using the Physician's Global Assessment (PGA) 7-point scale with end points of "Clear " and "Severe" [29] . Psoriatic nail dystrophy was evaluated by using the Nail Psoriasis Severity Index (NAPSI [0 to 80], fingernails only) in patients with a NAPSI score ≥ 1 at baseline [30] .
In both trials, adverse events (AEs) were collected throughout the treatment of each patient and for 70 days (five serum half-lives) after the last adalimumab injection.
Statistical analyses
All patients who received at least one adalimumab injection were included in the analyses. Observed data at week 12 were used for all analyses of effectiveness. Patients in both studies were stratified into two major subgroups: no prior TNF antagonist and one or more prior TNF antagonists (prior IFX or ETN or both). Patients with a history of anti-TNF treatment were also stratified based on whether they had been treated with IFX, ETN, or both, and according to whether the reason for discontinuation of the prior TNF antagonist had been lack of response, loss of response, or intolerance. Analyses pertaining to the reason for discontinuation included only those patients who had stopped their prior anti-TNF therapy exclusively for one of these reasons. Thus, patients with more than one reason for prior discontinuation were excluded from analysis, unless the only additional reason was "other."
Descriptive analyses were performed by calculating counts and percentages for qualitative data and by calculating means, standard deviations, medians, and first and third quartiles (for strata with n < 50, minimum-maximum) for quantitative data. Based on previous evaluations of predictors of response, the following continuous variables were considered possible confounders: age (per year), disease duration (per year), BASDAI (AS) or TJC (PsA), SJC (PsA), CRP, and BASFI (AS) or HAQ DI (PsA) [18, 19] . Categoric variables (yes versus no) evaluated as possible confounders included male sex, HLA-B27 (AS), SJC >0 (AS), enthesitis (AS), PGA < "Clear" (PsA), NAPSI >0 (PsA), and ongoing treatment with NSAIDs (AS) or DMARDs (PsA) [18, 19] . Comparisons of the end points ASAS 40 and BASDAI 50 in subsets of patients with AS defined by prior IFX or ETN therapy or both (yes versus no), by prior anti-TNF therapy used (IFX, ETN, or both), and by reason for discontinuation of prior TNF antagonist (lack of response, loss of response, or intolerance) were performed by using logistic regression unadjusted and adjusted for baseline differences in possible confounders. ACR50 and mPsARC outcomes were compared unadjusted and adjusted in subsets of patients with PsA defined by prior IFX or ETN therapy or both (yes versus no).
Results
Prior anti-TNF therapy
In total, 1,250 patients with AS were enrolled in the RHAPSODY study. Of these, 924 had no history of anti-TNF therapy, and 326 (26%) patients had been treated with at least one TNF antagonist (162 patients with IFX, 85 patients with ETN, and 79 patients with both IFX and ETN [not concurrently] (Table 1) , including 18 patients with IFX as the last TNF antagonist). In total, 442 patients with PsA were enrolled in the STEREO study. Of these, 376 had received no prior anti-TNF therapy, and 66 (15%) patients had been treated with at least one TNF antagonist (18 patients with IFX, 34 patients with ETN, and 14 patients with both IFX and ETN (not concurrently) (Table 2) , including one patient with IFX as the last TNF antagonist). The mean/median duration of prior anti-TNF therapy was 18/15 months for patients with AS, and 20/16 months for patients with PsA. The mean/ median time from the last dose of the last TNF antagonist to the first injection of adalimumab was 6.3/2.7 months for patients with AS and 6.1/2.0 months for patients with PsA. The reason for discontinuation of the prior TNF antagonist was lack of response for 64 patients with AS and 14 patients with PsA, loss of response for 115 patients with AS and 29 patients with PsA, and intolerance for 56 patients with AS and nine patients with PsA (Tables 1 and 2 ).
Patient disposition and exposure to adalimumab
Overall, 97% of 1,250 patients with AS completed the 12-week treatment with adalimumab. During the complete study, 1% of patients with AS (10 of 924) without prior anti-TNF therapy and 3% of patients with AS (11 of 326) with prior anti-TNF therapy withdrew because of an unsatisfactory response to adalimumab. Forty-four (5%) of patients without prior anti-TNF therapy and 22 (7%) of patients with previous anti-TNF therapy discontinued adalimumab because of AEs.
In the PsA study, 94% of 442 enrolled patients continued adalimumab therapy through week 12. During the study, 1% of TNF antagonist-naïve patients with PsA (five of 376) and 2% of patients with PsA previously treated with TNF antagonists (one of 66) discontinued adalimumab because of an unsatisfactory response. Six percent of patients (24 of 376) without prior anti-TNF therapy and 3% of patients (two of 66) with prior anti-TNF therapy withdrew from the study because of AEs.
For both studies, the mean/median treatment period with adalimumab was 15/12 weeks for all patients enrolled.
Baseline demographics and disease characteristics
In both studies, demographics and the distribution of clinical manifestations were comparable between patients with and without prior anti-TNF therapy (Tables 1 and 2) . Patients with AS and a history of anti-TNF therapy had slightly greater disease activity and more physical-function disability than did TNF antagonist-naïve patients (Table 3) . Patients with PsA with and without histories of anti-TNF therapy had similar median TJCs and SJCs at baseline, whereas the functional impairment measured by the HAQ DI was greater for patients with a history of anti-TNF therapy than for anti-TNF agent-naïve patients (Table 4) .
Effectiveness
Patients with AS stratified by history of anti-TNF therapy
At week 12, disease activity and physical impairment were notably reduced for all patient groups, as indicated by BASDAI and BASFI; the changes were generally greatest for patients naïve to anti-TNF agents (Table 3 ). ASAS40 response rates were 59.3% for patients without prior TNF-antagonist treatment and 37.7% for patients with a history of anti-TNF therapy. BASDAI 50 responses were achieved by 63.0% of patients with AS without prior anti-TNF therapy and by 40.8% of patients with AS who had received prior anti-TNF therapy. Logistic regression showed that patients with prior anti-TNF therapy had a smaller likelihood of achieving an ASAS40 or BASDAI 50 response (Table 5) .
ASAS40 and BASDAI 50 responses were greatest for the 162 patients with AS with only prior IFX therapy compared with patients with only prior ETN therapy and those with prior treatment with both IFX and ETN. In the logistic regression, the odds of achieving an ASAS40 response were not statistically different (P = 0.083) for patients with only prior IFX therapy or only ETN therapy, compared with the reference group of patients who had received both IFX and ETN (Table 5 ). In contrast, the odds of achieving a BASDAI 50 response were significantly greater for patients who had received only IFX (P = 0.033) ( Table 5) .
The observed ASAS40 and BASDAI 50 response rates at week 12 for patients stratified by reason for discontinuation of the prior TNF antagonist were greater for patients with loss of response or intolerance than for patients who had lack of response to the prior TNF antagonist (Table 5) . However, unadjusted comparisons by logistic regression revealed that the probability of achieving ASAS 40 or BASDAI 50 responses was not statistically different for patients who discontinued prior anti-TNF therapy because of loss of response or intolerance compared with patients who experienced lack of response (Table 5) . None of the results of the logistic regression analyses was relevantly changed after further adjustment for the baseline confounders listed previously.
Stratification first by exclusive treatment with IFX and then by reason for discontinuation resulted in observed BASDAI 50 response rates at week 12 of 48.5% for loss of response (n = 66), 52.6% for intolerance (n = 38), and 22.7% for lack of response (n = 22). For patients who had been treated only with ETN, the BASDAI 50 response rates at week 12 were 33.3% for loss of response (n = 33), 33.3% for intolerance (n = 12), and 32% for lack of response (n = 12). The pattern for ASAS40 response rates was overall similar for patients with previous ETN therapy. The ASAS40 response rates in patients who discontinued IFX stratified by reason for discontinuation showed smaller differences than the BASDAI 50 response rates: 50.8% for loss of response, 38.9% for intolerance, and 27.3% for lack of response.
At week 12 of the study, patients with AS with peripheral arthritis or with enthesitis at baseline and previous treatment with TNF antagonists experienced quite similar improvements in joint counts and in MASES, as did patients without a history of anti-TNF therapy (Table 3) . M a l e ( % )
Age (years; mean ± SD) 44 ± 12 44 ± 11 44 ± 10 44 ± 12 43 ± 10 45 ± 10 42 ± 10 44 ± 13
AS duration (years; mean ± SD) 11 ± 10 11 ± 9 12 ± 9 9 ± 9 11 ± 8 10 ± 9 11 ± 8 12 ± 10 C o n c o m i t a n t N S A I D s ( % ) 
Patients with PsA stratified by history of anti-TNF therapy
The median changes in TJC, SJC, and HAQ DI were very similar for patients without and with previous TNFantagonist treatment (Table 4) . At week 12, the percentages of patients who achieved ACR50 and mPsARC responses were somewhat greater for those without a history of anti-TNF therapy than for those with prior anti-TNF therapy (ACR50: 52.3% versus 41.7%; mPsARC: 78.8% versus 71.2%). Unadjusted logistic regression revealed that the likelihood of attaining an ACR50 response or mPsARC response did not considerably differ between patients without and those with prior anti-TNF therapy ( Table 6 ). The results remained unchanged after adjustment for other confounders at baseline. At week 12, ACR50 and mPsARC responses were achieved by 10 and 13, respectively, of 18 patients with prior IFX therapy; by 11 and 18 of 30 patients with prior ETN therapy; and by four and 11 of 13 patients previously treated with both IFX and ETN (observed data). ACR50 and mPsARC responses were achieved by five and seven, respectively, of 13 patients with PsA with lack of response to prior TNF-antagonist treatment; by 10 and 17 of 27 patients with loss of response; and by five and seven of eight patients who were intolerant of prior anti-TNF therapy (observed data).
Patients achieving a PGA of "Clear/Almost clear" increased by 35 .1 percentage points between baseline and week 12 for patients without prior TNF-antagonist treatment and by 27.7 percentage points for patients with a history of anti-TNF therapy (Figure 1 ). For patients with psoriatic nail dystrophy at baseline, the median change in NAPSI was similar in patients without and in patients with prior treatment with IFX and/or ETN (Table 4 ).
Safety
The rates of serious adverse events (SAEs) were 3.1% and 4.3% for patients with AS without and with prior TNFantagonist treatment, respectively. The rates of serious infections were 0.4% in patients with no prior exposure to TNF antagonists and 0.3% in patients who had received prior TNF-antagonist therapy. No serious allergic reaction was reported in the AS study.
For patients with PsA, the rates of SAEs were 4.3% and 3.0% in patients without and with prior TNF-antagonist therapy, respectively. Serious infections were documented for 0.5% of patients without prior anti-TNF therapy and for one patient (1.5%) with prior anti-TNF therapy. One TNF antagonist-naïve patient experienced a serious allergic reaction, which was the only one reported in the STEREO study. No cases of lupus, lupus-like reac- tion, or malignancies of any type were observed in either of the two studies.
Discussion
This study represents the first evaluation of the effectiveness of adalimumab in patients with spondyloarthritis (AS and PsA) who had previously been treated with one or two other TNF antagonists. The disease characteristics of the patients in both studies closely matched those of patients considered eligible for anti-TNF therapy in daily practice [31, 32] . After 12 weeks of adalimumab therapy, patients with AS or PsA having prior exposure to IFX or ETN or both experienced clinically important improvements of their diseases, as evaluated by standard outcome measures. However, response rates were generally lesser than those for patients who had not received prior anti-TNF therapy. Unadjusted and adjusted logistic regressions indicated that the likelihood of achieving BASDAI 50 and ASAS40 responses after 12 weeks was smaller for patients with than for those without a history of anti-TNF therapy. For patients with PsA, prior anti-TNF therapy also resulted in a lesser likelihood to achieve ACR50 (odds ratio, 0.65) and mPsARC (odds ratio, 0.66) responses, but this impact was not statistically important (ACR50 response rate, P = 0.130; mPsARC response rate, P = 0.194) ( Table 6 ). In the PsA study, the impact of other confounders (sex, HAQ DI, joint counts, and PsA duration) was greater than that of prior anti-TNF therapy. Fewer patients were in the PsA study than in the AS study; therefore, the likelihood of detecting statistically important differences was less. The studies were not powered to detect differences between subgroups. However, assuming a response rate of 50% in one subgroup, an odds ratio of 1.5, and sample sizes of 900 versus 300 in the subgroups, the χ 2 test would have >95% power to detect a difference in the response rates. The power would be 63% with sample sizes of 150 versus 80 and 61% with sample sizes of 350 versus 60. Overall, the ASAS40 and BASDAI 50 response rates for patients with AS and a history of anti-TNF therapy were clinically meaningful (Table 5) . Notably, adalimumab therapy reduced peripheral arthritis and enthesitis; the effectiveness of adalimumab for these extraaxial manifestations was very similar for patients with and without prior TNF-antagonist treatment (Table 3 ).
The ASAS40 and BASDAI 50 response rates were greater in patients who had been treated only with IFX therapy than in patients with only ETN therapy. However, the probability of achieving an ASAS40 response did not remarkably differ between patients with histories of treatment with IFX, ETN, or both. The likelihood of achieving a BASDAI 50 response was significantly greater for patients with prior IFX therapy.
Logistic regression analyses demonstrated that the reason for discontinuation of the prior TNF antagonist had no statistically important impact on the chances of experiencing ASAS40 or BASDAI 50 responses. However, the observed ASAS40 and BASDAI 50 response rates were greater for patients who discontinued prior anti-TNF therapy because of loss of response or intolerance than they were for those patients who discontinued the first anti-TNF agent because of lack of response. Stratifications first by type of prior TNF antagonist and then by reason for discontinuation showed similar response rates to adalimumab in patients who had lack of response to the preceding TNF antagonist. Patients who had initially responded to prior IFX and discontinued IFX because of loss of response (perhaps caused by antibodies against IFX) or because of intolerance experienced much greater BASDAI 50 and ASAS40 response rates than did patients who discontinued IFX after lack of initial response. In patients who had been treated with only ETN, stratification by reason for discontinuation showed overall similar response rates across the subsets. The interpretation of this result is limited by the small numbers of patients who had been treated only with ETN. Thus, patients who initially respond to a first TNF antagonist may be more likely also to respond to a second TNF antagonist, in particular when the type of agent is similar (monoclonal antibody). These results are generally consistent with previous analyses of patients with RA treated with adalimumab as the second or third TNF antagonist in the ReAct trial (Research in Active Rheumatoid Arthritis Trial) [5] . ReAct, STEREO, and RHAPSODY were all designed to follow routine clinical practice for patient enrollment. Patients with PsA who had prior IFX or ETN therapy or both achieved clinically meaningful ACR50 and mPsARC response rates of 41.7%, and 71.2%, respectively. The history of anti-TNF therapy had no relevant impact on the likelihood of achieving an ACR50 response in the unadjusted evaluations (as mentioned earlier, the adjustment for confounders did not change this result). Patients with PsA who had lack of response to prior TNF-antagonist therapy experienced somewhat less clinical improvement with adalimumab compared with patients with loss of response or intolerance to their prior TNF-antagonist treatment. Adalimumab was similarly effective for patients with prior IFX or ETN therapy. However, no logistic regression was performed owing to small group sizes. Adalimumab was also highly effective for psoriatic skin and nail lesions for patients with a history of anti-TNF therapy, with improvements similar to those of patients with PsA who were naive to TNF antagonists. A limitation of these evaluations is the open-label study design and the explorative nature of the investigations. The response rates in patients without prior anti-TNF therapy were generally greater than the rates reported in randomized clinical trials of adalimumab [33, 34] , ETN [35, 36] , and IFX [37, 38] in AS or in PsA, in which prior treatment with other TNF antagonists was generally prohibited. For example, the ASAS40 response at week 12 was 59.3% in patients with AS without prior anti-TNF therapy in this open-label study and 39.9% in the adalimumab ATLAS trial [33] . In patients with PsA, the ACR50 response rate was 52.3% for patients without prior anti-TNF therapy in this open-label study and 36% in the adalimumab ADEPT trial [34] . A potential explanation for the greater response rates in our open-label, explorative studies is that the evaluations were based on observed data and omission of missing data, whereas patients with missing data were imputed to be nonresponders in the intention-to-treat analyses of randomized trial data. Furthermore, patients (and physicians) may somewhat overestimate the treatment effect in open-label studies, particularly when no alternative treatment is available, as is often the case for patients with AS.
Conclusions
Patients with AS and patients with PsA previously treated with TNF antagonists experienced clinically important improvements in their diseases after 12 weeks of adalimumab therapy during these two large, open-label clinical studies. The safety profile of adalimumab was similar in patients with and without prior anti-TNF therapy and consistent with results from other adalimumab clinical trials. 
